This study was carried out between September 2015 and August 2016 in four sampling sites. Water quality of the pond was examined according to sites and seasons, water quality classes were determined and pollution problems were revealed. In addition, the suitability of aquatic life forms has been determined. For these purposes, 21 physico-chemical and seven heavy metal parameters were investigated in the pond water. Pearson correlation, hierarchical cluster analysis, and principal component analysis were applied to test the relationships of all parameters and pollutant loads. According to the analysis results, the main pollution source may be non-point pollution, that is, agricultural pollution and soil leaching for this region. In future freshwater management, these temporal and spatial scale results indicate that watermonitoring schemes need to be scaled-sensitive to water management.
Introduction
Water is the most valuable natural source; it is the fundamental need of all of the organisms, plants, animals, and humans. Water is the most necessary factor for agriculture, industry, tourism, small companies, and aquaculture.
As a result of the factors such as the increase in the human population and economic activities, domestic and industrial wastes, climate changes, and inability to raise environmental awareness among the society, the water sources are gradually degraded and polluted.
The decrease in quality and amount of surface waters is a result of the unsuccessful management of water pollution and actual water sources. As well as many of them are in developing countries, many regions suffer from unplanned and unbalanced urbanization, excessive agricultural activities, and industrial development. This leads the wastes, sewages, and agricultural leakages to pour into surface waters.
The quality of surface water is an irreplaceable element of the aquatic ecosystem, and it is an important problem nowadays. The deterioration in water quality negatively affects the lives of human, animals, and plants in shortterm, as well as it has many other negative effects in longterm. For this reason, it is very important to determine the pollution in any region. The polluted waters do never constitute a balanced ecosystem.
Water quality is determined by using physicochemical and biological parameters. The polluted surface, in addition, underground waters make it difficult to protect the balanced ecosystem. A balanced ecosystem is a system, where the organisms and environmental factors reciprocally influence each other. Since the water is the most important common element for all of the components of this system, water quality is the most important factor for a balanced aquatic ecosystem.
In western Black Sea region, sewages of residential areas, chemical pesticides and fertilizers used in agriculture, industrial wastes, and geothermal wastes constitute the pollution sources and gradually decrease the quality of surface water in the basin (Egemen, 2006) . For this reason, the properties of lakes and ponds fed by the surface waters, meeting the water requirement of agricultural lands, located within the state hunting area, and being very important recreational areas for their surroundings should be well-known and their ecological balance should be maintained. In order to take the required measures and to determine the pollutants, it is necessary to periodically analyze the physical, chemical, and heavy metal characteristics of the aquatic environments.
Among the multivariate statistical techniques, the hierarchical cluster analysis (HCA) and principal components analysis (PCA) are mainly used in water quality studies. In cluster analysis, the data cluster is divided into groups in terms of the similarities and differences, and the dimensionality of a data cluster is degraded to a new variable group via the principal components analysis. Degradation creates new related variables, and the principal components are ordered according to their importance in order to explain the variance of all the original properties. Many researchers widely apply HCA and PCA analyses in order to classify the water quality systems, to monitor the time-based changes in water systems, and to obtain useful findings.
The aim of this study is to determine the changes in some physical and chemical properties and heavy metal concentrations of the water samples taken from 4 stations representing the whole pond between September 2015 and August 2016, to reveal the water quality properties, to better determine the pollution level and pollutants via statistical methods, to enable monitoring these pollutants in further studies, and to make recommendations about taking required measures.
Moreover, another aim of this study is to determine the water quality criteria of Bektaş Pond according to WHO and Inland Water Source Classes of Surface Water Quality Management Regulation (SWQMR). Thus, as well as an important database would be created for future studies to be carried out on this freshwater source, where no study has been carried out before, an important step would be taken in order to protect the pond.
Materials and Methods

Sample location and sampling
Bektaş Pond is located in Sinop city; northern of Turkey, it is 25 km away to Sinop, has 300 ha surface area. This pond is the largest of the four ponds located in the town of Boyabat. The eastern, western and northeastern parts of the pond are forested areas. The surround of the pond is one of the important recreational areas of the region. In the pond, there are Cyprinus carpio (carp) and Silurus glanis (catfish) fishes (URL, 2014) . The pond is closed to commercial fishing is only open to amateur fishing.
In this study, the sampling sites were determined based on the factors such as the heading hydrological condition, the distance to the streams, and the ease of sampling (Table 1, Figure 1 ). 41°32' 53.86" N 34°46' 13.81" E The region of Bektaş pond's climate is warm and temperate, where has a significant amount of rainfall during the year. This is true even for the driest month. The average annual temperature and rainfall are 12.9 °C and 620 mm. The driest month is July (21.7 °C), with 30 mm of rainfall. With an average of 75 mm, the most precipitation falls in December the lowest average temperature of the year. It is January (4.0 °C). During the year, the average temperatures vary by 17.7 °C.
The water samples were performed monthly (September 2015 -August 2016) from four sampling stations located on the pond. In all samples, for 28 parameters of water quality were collected in 2.5 L plastic bottles. For the analysis of water samples, heavy metals were collected in 1-liter precleaned (with 50% HNO3 and then thrice with deionized water) polyethylene bottles and acidified with 10 ml concentrated HNO3 per liter of wastewater. 
Determination of physicochemical parameters
Among the physical parameters of water quality; dissolved oxygen (DO), electrical conductivity (EC), salinity and water temperature (WT) were measured on-site using YSI 556 MPS model multi-meter. Other water quality parameters such as biological oxygen demand (BOD), total hardness (TH), total alkalinity (TA), chemical oxygen demand (COD), phosphate-phosphorus( PO4 -3 -P), nitrite-nitrogen (NO2 --N), nitrate-nitrogen (NO3 --N), ammonium-nitrogen (NH4 + -N), chloride (Cl -), sulfite (SO3 -2 ), sulfate ( SO4 -2 ), magnesium (Mg +2 ), calcium (Ca +2 ), sodium (Na +1 ), potassium(K + ) was analyzed in a laboratory using standard method (APHA AWWA WPCF,1995; Anonymous, 1998) . The analyses of cadmium (Cd +2 ), nickel (Ni +2 ), ferrous (Fe +2 ), lead (Pb +2 ), copper (Cu +2 ) and zinc (Zn +2 ) water samples were conducted by ICP-MS device in the laboratory.
The creation of the calibration curve was carried out using a certified multi-element standard. For samples were made in triplicate and each parallel was analyzed by ICP-MS instrument 10 readings. Blank samples were prepared with 1% HNO3 solution 20 times and 3 times with a standard curve obtained and LOD (limit of detection) and 10 times the LOQ (detection limit) is determined (Şengül, 2016) .
Data treatment and multivariate statistical Analysis
SPSS statistical package software was utilized for the statistical analysis of water analysis results. Descriptive statistical analysis, including One-way ANOVA, significance (0.01 and 0.05) was done for the stations and seasonal. Important differences in the mean values were tested with Tukey's multiple range tests. On account of add to the nonnormal distribution of measured water quality parameters, the correlation structure between variables was used as a nonparametric measure of the correlation between the Pearson's correlation (r) coefficient and the variables calculated over the ranked data (Wunderlin et al., 2001) .
Additionally, multivariate analysis of the pond water quality data set was performed through Hierarchical Cluster Analysis (HCA) techniques (Singh et al., 2004; Shrestha and Kazama, 2007; Wu et al., 2010) . The HCA used Ward's method as a measure of similarity (Zhaoa et al., 2012; Omo-Irabor et al., 2008) . Hierarchical cluster analysis (HCA) is a combination of techniques for classifying large 153 datasets into similarities or clusters based on differences. PCA analysis is commonly used to assess spatial and temporal variations in water quality (Ouyang, 2005; Yang et al., 2010; Bu et al., 2010) . Before the PCA, Kaiser-Meyer-Olkin (KMO) and Bartlett's test were performed. In this study, KMO's adequacy is 0.741 for Bektaş Pond. The Bartlett's test (P = 0) would indicate that variables are unrelated. Analytical data were analyzed using CA and PCA performed with standardized experimental image data for Z-scale transformation in order to avoid misclassification due to wide differences in data densities (Güler et al., 2002; Singh et al., 2004; Ogwueleka, 2015; Mutlu and Aydin Uncumusaoglu, 2017) .
Result and Discussion
Water quality evaluation
The basic statistics of the pond water quality are summarized in Table 2 , which shows the range, mean and standard deviation of each of the 28 parameters, based on 768 total water samples (4 sampling sites, 12 months).The results and the sites where the ranges are located on that showed the DO concentration varied from 9.64 to 13.92 mg L -1 , the salinity values ranged from 0.005 to 0.09 (‰), the pH values changed from 8.23 to 8.73, the WT values recorded between 3.1 and 22.8 C°, the EC values varied from 179.24 to 335.36 μS cm -1 , the SS values ranged from 1.1 to 4.56 mg L -1 , the COD values varied from 1.02 to 3.42 mg L -1 , the BOD5 values recorded between 0.44 and 1.66 mg L -1 , the Clconcentrations ranged from 3.46 to 6.76 mg L -1 , The PO4 3concentrations varied from 0.128 to 0.688 mg L -1 , the SO4 2concentrations recorded between 38.12 and 83.58 mg L -1 , the SO3 2concentrations ranged from 0.42 to 2.78 mg L -1 , the Na + concentrations varied from 40.23 to 77.42 mg L -1 , the K + concentrations recorded between 3.4 and 16.76 mg L -1 , the TH concentrations ranged from 197.7 to 262.8 CaCO3 mg L -1 , the TA concentrations varied from 202.4 to 265.1 CaCO3 mg L -1 , the Mg 2+ concentrations recorded between 19.70 and 49.34 µg L -1 , the Ca 2+ concentrations ranged from 21.06 to 75.38 µgL -1 , the NO 2concentrations varied from 0.0001 to 0.0049 µg L -1 , the NO 3concentrations recorded between 0.52 and 4.46 µg L -1 , the NH 4+ concentrations ranged from 0 to 0.0022 µg L -1 , the Fe 2+ concentrations varied from 0 to 0.008 µg L -1 , the Pb 2+ concentrations recorded between 0.20 and 2.20 µg L -1 , the Cu 2+ concentrations ranged from 0 to 15 µg L -1 , the Cd 2+ concentrations varied from 0 to 0.4 µg L -1 , the Hg 2+ concentrations recorded between 0 and 0.008 µg L -1 , The Ni 2+ concentrations varied from 0 to 5 µg L -1 and the Zn 2+ concentrations ranged from 7 to 21 µg L -1 ( Table 2) .
The seasons mean values, standard deviation and minimum -maximum values and the results of all parameters according to the classification system (SWQMR) and guidelines for drinking-water quality (WHO, 2011) are shown in Table 2 .
No significant change was observed in the ANOVA test (P>0.05) for the variables measured about sampling sites. Statistically significant differences were found between the seasonal averages according to the ANOVA test (P <0.05) ( Table 2 ).
Pearson's correlation coefficient (r) obtained reflect both spatial and temporal changes (Table 3) . Table 3 presents the values of Pearson's correlation coefficient (P<0.01; P<0.05) for pairs of variables at all sampling sites. The importance of water temperature, which is of great importance in terms of water creatures and aquatic ecosystems, is not debatable in terms of climate change. Therefore, it would be appropriate to examine in detail the relationship between water temperature and other parameters. This parameter is a high positive significant (r≥0.750) relationship at P<0.01and P<0.05 are salinity (r=0.844), pH (r=0.938), EC (r=0.914), SS (r=0.842), COD (r=0.766), BOD5 (r=0.990), Mg 2+ (r=0.893), NO3 -(r=0.974), NH4 + (r=0.823), and negative significant relationship with DO ( r= -0.780) ( Table 3 ).
The pH of the pond was determined to be the class (II-III) according to SWQMR, which means it is polluted water (SWQMR, 2015) . Also, according to WHO standards; the maximum limit has been exceeded. It is indisputable that pH carries a risk for their when we think it is important for delicate water creatures, because of the mild alkali character of the Bektaş pond. pH has a high positive significant (r≥0.750) relationship at P<0.01 and P<0.05 are WT(r=0.980), salinity (r=0.804), EC (r=0.831), SS ( r= 0.772), BOD5 (r=0.923), TH (r=0.761), TA (r=0.765), Mg 2+ (r=0.787), NO3 -(r=0.886), NH4 + (r=0.771), Hg 2+ (r=0.790) and negative significant relationship with DO (r=-0.750) (Table 3) .
According to SWQMR, some phosphate values have exceeded acceptable limits (Class II-IV), which means it is polluted water (SWQMR, 2015) . It is thought that the fertilizer used in agriculture is the result of fertilizing the environment as a source of phosphate fertilization. PO4 has a high positive significant (r≥0.750) relationship at P<0.01 and P<0.05 is positively associated with all heavy metals except lead. Additionally, it has a weak negative correlation with SO4 2and SO3 2- (Table 3 ).
The main source of sulphate and sulphite in the water is gypsum, anhydrite, and fertilizers used for agricultural activities. The SO3 2of the pond was determined to be class (I-III) according to SWQMR, which means it is almost polluted water (SWQMR, 2015) . The other parameters that this parameter may affect; SO4 2-(r=0.961), Na + (r=0.936), Ca 2+ (r=0.763), NO2 -(r= 0.768), Cu 2+ (r=0.772) (P<0.01 and P<0.05) (Table 3) . Hierarchical Cluster Analysis was used to identify groups of similarity between sampling areas, which was applied to the data obtained from the monthly samples from four sites. The best results for the variable relationship between the methods used for correlation and distance combination were obtained using Ward's method and Euclidean distance.
In the Bektaş pond, Cluster 1 includes Site 4. This cluster is represented by only one site because the Urumgöl Stream (freshwater discharge) is the main source of both the feeding pond and the pollution load (Figure 1 ). Cluster 2 includes Site 1 and Sites 2, 3. Site 1 is the farthest point to the freshwater supply entrance and sites 2, 3 are colocated with the pollution load together. This situation is thought to be related to the distance to the source of pollution. Cluster 3 contains sites 2 and 3 ( Figure 2 ). These sites have the same pollution loads because they are equidistant from the pollution load coming from the pond and precipitation. Similar results have been found when this analysis is applied to water quality parameters (Simeonov et al. 2003; Coletti et al 2010; Zhang et al., 2011; Özdemir, 2016) . According to the results of HCA analysis based on seasonal mean values, the seasonal differences clustered as seen in Figure 3 . The Cluster A includes winter and spring. The Cluster B involves summer and autumn. This clustering is also similar to the ANOVA test results. It is seen in Figure 3 that the spring season is the transition period between the clusters in detail (Shrestha and Kazama, 2007; Aydın Uncumusaoğlu et al., 2016) . In PCA analysis contains three components, 28 physicochemical parameters were categorized. PCA's classified the factor loadings as 'strong', 'moderate' and 'weak', matching to absolute loading values of >0.75, 0.75-0.50 and 0.50-0.30, respectively (Liu et al., 2003) . The results of calculations were shown in Table 4 . According to Hair et al. (2009) , the choice of the number of major components to be retained in the number of major components released before a clear break between scree.
These components were acquired with eigenvalues >1 summing 85.58% of the total variance in the surface water dataset ( Table 6 ). The first PC, explaining 43.52 % of the total variance has strong positive loading on EC, BOD5, WT, SS, salinity, pH, NH4 + , DO, Mg 2+ , Total alkalinity, Total hardness, Hg 2+ and moderate positive loadings on Fe 2+ , COD, Cd 2+ , and weak positive loadings on NO2 -, Zn 2+ , SO3 2-, It has negative strong loadings DO and weak loading Ni 2+ .This factor, in which all parameters with strongly related dissolved oxygen are present, is also contained in Hg 2+ which is a very toxic heavy metal (Table 3 , 5 and Figure  4 ).EC is highly correlated with SS, COD, BOD5, Cl, TH, TA, Mg 2+ , NO3, NH4, Fe 2+ , Hg 2+ , Ni 2+ and Zn 2+ as shown in Table  3 . PC1's high-load-bearing parameters are also seen in Pearson correlations, which are highly related to each other (Table 4 ). In addition, this factor loading can be commented as organic pollution and attributed to the seasonal effect of temperature. This natural source of these parameters in catchments of flowing run-off and soil leaching (Simeonov et al., 2003; Kannel, 2007; Vialle et al., 2011) .
The second PC, accounting for 28.39% of the total variance has strong positive loading on SO4 2-, Na + , K + , Ca 2+ , Cu 2+ , Pb 2+ , Zn 2+ , Ni 2+ , and positive moderate loadings on Fe 2+ , total alkalinity, total hardness. It has a negative weak loading PO4 3-. This factor indicates the contribution of non-point source pollution from heavy metal and anions originating from soil or rock structure by agricultural runoff and atmospheric deposition and basin geology and soil structure.
The third PC, accounting for 13.67 % of the total variance, has strong positive loading on PO4 3-, NO2 -, Cland moderate positive loadings on Cd 2+ , positive weak loading Mg 2+ , Fe 2+ , SO3 2-, Pb 2+ .Phosphorus ponds are found because of the transfer of water, soil, and rocks to the pond, where the phosphorus accumulation of rainwater and river deposits is accumulated. This is factor represents the contribution of non-point source pollution from agricultural areas by farmers use the nitrogenous fertilizer, which undergoes nitrification processes, and the rivers receive nitrate nitrogen via groundwater leaching (Kazama and Yoneyama, 2002; Mustapha and Nabegu, 2011; Aydin Uncumusaoğlu and Akkan, 2017) . There is no industry in the field of work, so only cadmium is the fertilizer source. Since cadmium is the element with the highest water solubility in other heavy metals, the use of pond water for irrigation in agriculture means the inclusion of cadmium in the food chain, which is both at risk for both aquatic life and human health. 
Conclusions
In this study, the water quality data obtained from four different sampling points for 12 months in the Bektaş Pond were analyzed by using multivariate statistical methods to determine the water quality as well as whether it is suitable for the aquatic life. It has been determined that this pond has aquatic life and suitable for their life now. The analyses and statistical tests conducted have resulted in the protection of the pond water only depending on the control of the amount and content of the fertilizers used in agriculture activities and the effect of pH changes on the aquatic ecosystem due to the sudden temperature changes as a result of changing the climate. A suggested solution to the problems is "best environmental practice" principle should be applied to minimize the out-of-source pollution and to efficiently use and control stocks of freshwater resources.
According to WHO and SWQMR guideline, most of the parameters are clean water quality. Nevertheless, there are some parameters found as contaminated water. In terms of phosphate, sulphite and pH, both the aquatic life and the use of water as drinking water and irrigation water are not the desired characteristics. These parameters are not for the aquatic creatures, nor are the human activities necessary for water quality. In this study, the pond does not carry a risk in terms of heavy metal. The results of all the statistical analyses (ANOVA, Pearson correlation, HCA, and PCA) applied to the parameters are common results. The PCA applied to pond water quality parameters determined the main parameters from three main sources. The result is that the main pollution source of the pond is non-point pollution. According to the result of HCA analysis, there was no significant difference between the stations but has a significant difference between seasons. Measures should be taken according to the WHO and SWQMR guideline, for conservation and improvement of the water quality of the pond (Class I-IV). In future research for the prevention of pollution from agriculture, it is necessary to perform the modeling and regular monitoring should be done. Because of the statistical analysis, it has been learned which parameters should be examined in order to be able to carry out monitoring and this will provide both time and economic benefits in future research.
